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(54) IMAGE DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-quality image 
display device having superior brightness for gradation 
display and superior visibility by improving the dependence 
on visual sense. 

SOLUTION: The image display device is equipped with a 
light paralleling element 12 for converting nonpolarized 
diverging light from a light source (backlight) 10 into a 
parallel light a polarization separation element 14 to extract 
only the polarized component in one direction of the light 
from the element 12, a liquid crystal light-modulating 
element array 1 6 to modulate the light from the polarization 
separating element 14 into light of respective colors, an a 
light diffusing body 18 to diffuse the modulated image light 
from the liquid crystal light-modulating element array 16. 
For the light paralleling element 12, a lens array, reflection 
mirror, prism sheet or the like is used, and as to the light- 
diffusing body 18, a beads black screen, GRIN (gradient 
index) diffuser, GRIN particle diffuser or the like is used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to a suitable thing to raise the 
utilization factor of light and raise image quality about an image display device, in the transparency 
mold display which has the liquid crystal cell using the polymer of cholesteric-liquid-crystal nature as a 
light filter, in more detail. 
[0002] 

[Description of the Prior Art] In the liquid crystal display element using a liquid crystal cell, a large area 
and the liquid crystal display element of a mass display have a simple matrix method and an 
AKUCHIIBU matrix method in use. In the liquid crystal display element by these methods, the light 
filter was prepared for every pixel in the bottom of the transparent electrode of a substrate, and color 
display is realized. However, since the liquid crystal itself has angular dependence, the light and 
darkness of a display are reversed with the angle to see, or lowering or extreme lifting, extreme coloring, 
etc. of brightness are observed, and especially these phenomena appear notably, when a gradation 
display is performed. 

[0003] In order to improve the vision dependency of a liquid crystal display element conventionally, 
various means were proposed, but when the vision dependency had been improved, on the other hand, 
lowering of brightness was caused in many cases. 
[0004] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the high-definition 
image display device in which has improved the vision dependency of a liquid crystal display element, 
and was excellent in the brightness at the time of a gradation display, and visibility was excellent. 
[0005] 

[Means for Solving the Problem] The above-mentioned object is attained by the following liquid crystal 
display. 

<1> It is the image display device characterized by to have the Kohei line-ized element which changes 
the diffused light of unpolarized light from the light source into parallel light, a polarization separation 
element which takes out only a polarization component of an one direction of light from this optical 
parallel-ized element, a liquid-crystal light modulation element which modulates light from this 
polarization separation element in light of each color, and optical diffuser which diffuses image light 
modulated from this liquid-crystal light modulation element. 

<2> Said Kohei line-ized element is an image display device given in the above <1> characterized by 
being either a lens array, a reflecting mirror and a prism sheet. 

<3> Said polarization separation element is the image display device of a publication of the above <1> 
characterized by being either a cholesteric-liquid-crystal film, a wire grid, a polarization selection film 
using thin film interference and a dispersion nature polarization film. 

<4> Said optical diffuser is an image display device given in the above <1> characterized by being 
either a bead black screen, a GRIN diffuser and a GRIN particle diffuser. 
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[0006] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is 
explained. Drawin g 1 is the rough block diagram showing the gestalt of 1 operation of this invention. 
The Kohei line-ized element which ten change the diffused light of the unpolarized light from the back 
light light source 10 into the back light as the light source among drawing, and changes 12 into parallel 
light, and the polarization separation element from which 14 takes out only the polarization component 
of the one direction of the light from this optical parallel-ized element 12, The liquid crystal light 
modulation element array to which 16 modulates the light from this polarization separation element 14 
in the light of each color, and 1 8 are optical diffusers which diffuse the image light modulated from this 
liquid crystal light modulation element array. 

[0007] The <back light> back light 10 can install optical diffuser in the back side of this back light, 
although the back light of arbitration is usable. The quantity of light irradiated by the Kohei line-ized 
element can be made to increase by installation of this optical diffuser. 

The <Kohei line-ized element> Kohei line-ized element 12 is also called collimator, and the function 
which changes into a field parallel light the diffused light emitted from the back light 10 as the light 
source, and supplies it to the polarization separation element 14 is achieved, and the angular distribution 
of the luminous intensity which comes out of the Kohei line-ized element 12 is narrow (that is, 
parallelism is high) - things are desirable. Moreover, in the Kohei line-ized element 12, in order not to 
lower the utilization effectiveness of light, it is required to have high permeability. As a member 
equipped with such a main function and the need attribute, there are 1 lens array method, 2 reflecting 
mirror methods, a 3 prism sheet, etc. 

(Lens array method) The minute portion to which light passes a lens array method into the portion which 
the configuration of a convex lens function is formed in one field in the shape of an array with tabular 
resin mold goods, and is equivalent to the focus is prepared. This optical passage section is formed on 
the field of an opposite hand with the lens side of these tabular mold goods. It has a means by two 
different concepts. The minute portion which wants to pass a bonnet and light with the material which 1- 
1 makes intercept and reflect a diffuse reflection white material or light like a metal membrane for 
almost all the portions of a field is a hole without the material. The projection which consists of a minute 
blemish to which the light which has repeated total internal reflection is scattered about in the inside of a 
resin board on the lens side of these tabular mold goods and a reverse field, irregularity, and a dissimilar 
material is prepared supposing using 1 -2 so that it may be made to act as a light guide plate. 
[0008] These examples are explained based on a drawing. As many transparence beads 124 are arranged 
precisely at the transparence base material 122 and drawing 2 (A) is shown in drawing 2 (B) to each 
transparent bead 124, hole 122A smaller than the diameter of a bead 124 is prepared in the location 
where these beads 124 touch the transparence base material 122. The front face of transparence base 
materials 122 other than the portion in which such hole 122A is formed is a metallic reflection side or a 
white reflector as mentioned above. 

[0009] In the case of the Kohei line-ized element of this lens array method, as shown in dra win g 2 (B), 
the unpolarized light from a back light 1 0 passes only the portion of much hole 1 22 A of a base material 
122, and unpolarized light is reflected in the portion of other transparence base materials 122. The light 
which passed much hole 122A of the transparence base material 122 is refracted near the front face of 
the location of many beads 124, and turns into an parallel light. Therefore, a non-deviating light from 
the hack light 1 0 turns into an parallel light through many beads 1 24. 

[Q010] (Reflecting mirror method) As shown in drawing 3 (A), the micropore 128 of the shape of much 
cone is formed in the transparence base material 126, and drawing 3 (B) is explanatory drawing showing 
the gestalt of micropore 128 notionally. On the other hand (incidence side of light), the diameter 
reduction section of such micropores 128 is carrying out the opening of the transparence base material 
126, and the field [ on the other hand / (incidence side of light) ] side of base materials 126 other than 
this opening 128 A serves as a metallic reflection side or a white reflector. 

[001 1] In the case of the Kohei line-ized element of this reflecting mirror method, as shown in drawing 
3 (C), the unpolarized light from a back light 10 passes only the portion of much micropores 128 of the 
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transparence base material 126 from opening 128 A, and unpolarized light is reflected in the portion of 
other transparence base materials 122. therefore, the light by which incidence was carried out to the 
micropore 128 of the shape of much cone — a cone-like curved surface — reflecting — abbreviation — it 
becomes an parallel light and goes away from the transparence base material 126. 
[0012] (Prism sheet method) a ridge as shown in drawing.4 — the tabular resin mold goods (prism sheet 
130) which have the front face of a ** - the diffused light — abbreviation - it has the function changed 
into an parallel light. In the case of the Kohei line-ized element using this member, half-value width of 
the angular distribution of the light which passed this member can be made into about **30 degrees. As 
such a prism sheet, the trade name (Brightnes Enhancing Film) by 3M company etc. is mentioned, for 
example. 

[0013] Next, the light which passed through the Kohei line-ized element 12 results in the polarization 
separation element 14 which takes out only the polarization component of the one direction of light. The 
polarization separation element 14 passes polarization of the direction which a liquid crystal cell 
modulates, and has the function to return polarization of an opposite direction to a back light 10 side. 
The utilization effectiveness of light is improvable twice [ a maximum of] with this function. 
[0014] Although a polarization selection film, 4 dispersion nature polarization selection film, etc. which 
could use the well-known member as a member equipped with the main function and need attribute as a 
<polarization separation element> polarization separation element 14, for example, used 1 cholesteric- 
liquid-crystal film, 2 wire grid, and 3 thin-film interference are mentioned, especially a cholesteric- 
liquid-crystal film is desirable. 

[0015] 1) A cholesteric-liquid-crystal film shows an alternative light reflex operation, when it has spiral 
structure with periodic cholesteric liquid crystal and the period serves as a wavelength degree of light. 
Therefore, a cholesteric-liquid-crystal film has the function which is made to pass polarization of the 
direction which a liquid crystal cell modulates, is made to reflect polarization of an opposite direction, 
and is returned to a back light 10 side with the period of spiral structure. 

[0016] 2) A well-known thing can be used for a wire grid. A grid polarizer is an optical element of the 
form where the thin metal wire was arranged in the wavelength of light in the pitch also with a short 
" twist as indicated by reference "pencil 3of light" p285. If the linearly polarized light the linearly 
polarized light and an electric-field plane of vibration tend to cross at right angles to the longitudinal 
direction of a grid carries out incidence, since it will completely act like an insulating material to the 
polarization, as for a grid polarizer, such a light is passed. Since the grid direction of a polarizer is 
treated to the free electron in the metal wire of a grid polarizer like a metal plate to the polarization 
which has an electric-field plane of vibration in parallel, the polarization is reflected like a metal. If a 
grid polarizer is arranged in an optical path, incident light is separable into the two linearly polarized 
lights with this operation. 

[0017] 3) It is available in a member with the polarization isolation using thin film interference. 
Although the optical element called a polarization beam splitter as an optical element using this 
principle is known, a means to separate the linearly polarized light by the same principle as this can be 
used. Each class of a high refractive index and a low refractive index forms the dielectric multilayer 
which carried out the laminating by turns on the inclined plane at the prism of the shape of a triangular 
waveform which serves as a polarization beam splitter from a vertical field and a sloping field with 
which brewster f s-angle conditions are filled in approximation to the incident angle of unpolarized light 
light to the travelling direction of unpolarized light light. If this principle is applied to the sheet with 
which the minute prism made of transparence resin gathered like the example indicated by JP,5- 
281499,A, the member of a sheet configuration can be obtained and it can use as a member for 
polarization separation of this invention. 

[001 8] 4) As an example is in JP,5-72416,A, when the difference between one refractive index of the 
matrix matter which consists of matter which carried out orientation to 1 shaft orientations, and the 
refractive index to which the distributed matter corresponds measures on the wavelength of application 
light as for a dispersion nature polarization selection film, the refractive index to an ordinary ray is 
designed so that it may become zero substantially, and what is designed so that the difference of the 
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refractive index to an extraordinary ray may become large is known. One refractive index of the matrix 
matter, for example, the refractive index to an ordinary ray, is that which most **** etc. is completely in 
the refractive index to which the distributed matter corresponds by carrying out, and a light-scattering 
element is permeability to the component corresponding to the ordinary ray of the unpolarized light light 
which carries out incidence to this element. Since the refractive index of another side, for example, the 
refractive index to an extraordinary ray, is not mutually equal, the components to which the light which 
is not polarizing corresponds are scattered about. Consequently, in the light which was not penetrated, 
dispersion anti-putting and the non-scattered light turn into the linearly polarized light at a light source 
side. 

[0019] The light which came out of the polarization separation element 14 has only the polarization 
component of the one direction of light taken out, and results in the liquid crystal light modulation 
element array 16, it reflects with the polarization separation element 14, and other light returns to a back 
light 10 side. 

[0020] The <liquid crystal light modulation element array> liquid crystal light modulation element array 
16 has the desirable thing of a TFT method, as roughly shown in drawing 5 , it fills up with liquid 
crystal 154 among the transparence substrates 150 and 152, such as glass, and each color pixel, such as 
R, G, and B, is arranged. It is equipped with the transistor switch for every piece of each of these color 
pixels, if a signal goes into these transistors from a source bus line and a gate bus line, current will flow, 
voltage is built between the actuation electrode which is each pixel, and the ITO electrode which is all 
over an opposite substrate, and a list and light penetrate [ the liquid crystal molecule of this part ] 
vertically. 

[0021] Next, the image light modulated from the liquid crystal light modulation element array 16 results 
in the optical diffuser 18. 

the <optical diffuser> light diffuser 1 8 is modulated by the liquid crystal light modulation element array 
16 - having - abbreviation a view ** person achieves the function which checks an image by looking 
on it by penetrating and diffusing an parallel light. Since the required attribute of this optical diffuser 1 8 
is not based on the angle which checks one image by looking, but the same brightness and contrast are 
acquired and large optical diffusibility ability is required, in order not to lower the contrast of having 
optical diffusibility and two images In order not to lower the contrast of the property which does not 
carry out diffuse reflection of the light from the outside of display elements, such as indoor lighting in 
an operating environment, and daylight, toward a ** person, and three images When arranged rather 
than a polarizing plate at a liquid crystal cell side, in order not to lower the utilization effectiveness of a 
property and 4 light in which the quality (degree of polarization, phase) of polarization is not degraded, 
there is high permeability etc. 

[0022] As a member equipped with these main functions and need attributes, 1 bead black screen, 
2GRIN DIFUYUZA, 3 GRIN particle DIFUYUZA, etc. are mentioned. 

[0023] (Bead black screen) As shown in drawing 6 (A), the bead 1 62 of transparent a large number is 
arranged at the transparence base material 160, and the black material layer 164 is formed in the field of 
the transparence base material 160 except the minute portion near the contact surface with the 
transparence base material 160 of these beads 162. In this bead black screen, as shown in drawing 6 (B), 
the parallel light which carried out incidence to the bead 162 passes and diffuses the narrow minute 
portion near the front face of the ball of incidence and an opposite hand. Moreover, since portions other 
than said minute portion are formed in the black material layer 164, from a view ** person, the diffusion 
film which looks black is producible. 

[0024] An example of the manufacture method of the aforementioned bead black screen is concretely 
explained based on drawing 7 . For example, after forming transparence interlayer 160A and optical 
absorption layer 160B containing thermoplastics on the transparence base material 160, there is the 
method of carrying out the heat press of the field where the minute spherical bead 162 was arranged on 
the front face of optical absorption layer 160B, and the bead 162 was subsequently arranged. The 
transparence base material 160 has the rigidity of the degree which does not receive deformation with 
the pushed bead 160. A bead 160 is pushed in until it arrives at the front face of the transparence base 
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material 160 through two layers which became soft with heat. The opening radius of optical absorption 
layer 160B will be regulated by the thickness of the aforementioned transparence interlayer 160A. 
Therefore, the optical diffuser which has the opening radius to set up is producible by calculating the 
required thickness of transparence interlayer 160A from the average diameter r and the setting-out 
opening radius rO of a bead 162, forming a resin layer by this thickness, and enforcing said method. As 
other methods, after forming transparence middle class 160A of required thickness similarly, a bead 162 
is arranged on it, a heat press is carried out similarly, and the method of subsequently applying optical 
absorption layer 160B etc. is mentioned. 

[0025] - The average diameter of the bead-bead 162 is 3-100 micrometers, and 5-50 micrometers is 
desirable still more desirable especially, and it is 1-50 micrometers. In addition, although it is desirable 
that the semidiameter correction of each bead 162 selects and uses few things as for many beads 162 
used for this invention in consideration of the above-mentioned manufacture method, they are not 
limited to this. The resin which has the transparency of glass, a silica, a calcium carbonate, an alumina 
or acrylic resin, polycarbonate resin, polyolefine system resin, polyester system resin, polystyrene 
system resin, etc. is mentioned to the construction material of a bead 162. What has thermal resistance 
and pair solvent nature especially is desirable. Moreover, 1 .5-2.4, especially 1.3-2.4 are desirable still 
more desirable, and the refractive indexes of a bead 1 62 are 1 .7- 1 .9. The thing the same [ the more 
desirable refractive index of transparence interlayer 160A and the transparence base material 160 and 
the same / more desirable ], or nearest possible is desirable. 

[0026] - As for the construction material used for optical absorption layer and transparence middle class- * 
optical absorption layer 160B and transparence middle class 160A, what has sufficient adhesive strength 
to a bead 162 is desirable. Moreover, although it is desirable to have thermoplasticity as for optical 
absorption layer 160B and transparence interlayer 160A which are used for this invention in 
consideration of the above-mentioned manufacture method, it is not limited to this. Moreover, in order 
in laying a bead 162 under the optical absorption layer 160B with a heat press to carry out the opening 
of the optical absorption layer 160B and to expose the optical outgoing radiation portion of a bead 162 
to transparence interlayer 160A with a bead 162, it is desirable that the melt viscosity of optical 
absorption layer 160B is lower than the melt viscosity of transparence interlayer 160a. When laying a 
bead 162 under the optical absorption layer 160B with a heat press, compared with transparence 
interlayer 160A, optical absorption layer 160B's low deformation of melt viscosity takes place before 
deformation of transparence interlayer 160A. It is because the opening of the optical absorption layer 
160B can be carried out and the optical outgoing radiation portion of a bead 162 can be certainly 
exposed to transparence interlayer 160A by this. 

[0027] Acrylic resin, PORI carbonate resin, polyolefine system resin, polystyrene system resin, 
polyester system resin, polyurethane resin, polyvinyl chloride resin, polyvinyl acetate resin, a vinyl 
chloride vinyl acetate copolymer, polyamide resin, etc. are mentioned to the construction material of 
optical absorption layer 160B and transparence middle class 160A. In the construction material of 
optical absorption layer 160B and transparence interlayer 160B, it is desirable as above-mentioned to 
select the low construction material of melt viscosity to optical absorption layer 160B, and to select the 
high construction material of melt viscosity to transparence interlayer 1 60A in consideration of the 
relation of the melt viscosity of each class. In addition, optical absorption layer 160B is formed by 
optical absorption layer 160B using these resin as base resin, and distributing a pigment to the **-SU 
resin, or dyeing by the color. The pigment and color which are used for optical absorption layer 160B 
may be [ others / the black pigment used for a bead black screen, for example, carbon black, ] a pigment, 
a color, etc. for gray, red, blue, green, and those color mixture. 

[0028] The thickness of optical absorption layer 160B has desirable 0.2-5.0 micrometers. In addition, 
the thickness of optical absorption layer 160B should just be the degree which is made to expose the 
optical plane-of-incidence side of a bead 162 to the degree to which incidence of light is fully performed 
in consideration of the average radius of the minute ball lens 1 used for this invention, and can fix a bead 
162. The thickness of transparence interlayer 160B has desirable 0.05-5.0 micrometers. It is desirable for 
r/rO which is the ratio of the opening radius r of optical absorption layer 1 60B and the radius rO of said 
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minute ball lens to be within the limits of 0.1-0.5. When the thickness of transparence interlayer 160B 
adjusts the opening radius r of optical absorption layer 160B in a manufacture phase, it is desirable to 
calculate the thickness of transparence interlayer 160B and to select the thickness from the ratio of the 
opening radius r and the radius rO of a bead 162. Moreover, as for the refractive index of transparence 
middle class 160B, it is desirable to select the thing the same as that of a bead 162 or nearest possible. 
[0029] - Although the resin which has the transparency of a glass plate or acrylic resin, PORI car baud 
NETO resin, vinyl chloride resin, polyolefine system resin, polyester system resin, polystyrene system 
resin, etc. is mentioned to the construction material of the transparence base material-transparence base 
material 160, what is excellent in pair solvent nature, thermal resistance, paired-beats nature, etc., and 
has the refractive index the same as that of the minute ball lens 1 or nearest possible especially is 
desirable. Moreover, what is necessary is just to have reinforcement required to prepare a bead 162, 
optical absorption layer 160B, and transparence interlayer 160A, although it is desirable that thickness is 
1.0 micrometers - 2mm as for the transparence base material 160. 

[0030] - Light reflex prevention layer - Here, the optical diffuser in this invention may form the light 
reflex prevention layer which prevents that the light by which incidence was carried out from optical 
incidence reflects on the front face of a bead 162. Dra wing 8 is the cross section showing an example of 
the optical diffuser in which the light reflex prevention layer was formed on the front face of a bead 1 62. 
In drawing 8 , the light reflex prevention layer 80 which prevents that the light by which incidence is 
carried out to a bead 162 reflects on the front face of a bead 162 is formed in the front face of a bead 
162. When the light reflex prevention layer 80 is not formed on the front face of a bead 162, the incident 
light reflected on the front face of a bead 162 is about 5% of the whole. Therefore, the light 
transmittance of optical diffuser can be raised about 5% by forming the light reflex prevention layer 80 
on the front face of a bead 162. 

[0031] This light reflex prevention layer 80 is formed of acid-resisting processing or anti glare 
processing. The method of acid-resisting processing or anti glare processing is good by the well-known 
method. For example, there are acid-resisting processing to which coating or vacuum deposition uses 
well-known acid-resisting layers, such as a silica and an alumina, as the front face of a bead 162, anti 
glare processing which mixes and coats resin with a silica, a plastic bead, etc. 

[0032] In the optical diffuser in this invention, it forms a transparence base material in the field side of a 
bead 162, and the rigidity of optical diffuser is not only raised, but by sticking this transparence base 
material on the glass base material of the liquid crystal display which has the liquid crystal light 
modulation element array 16, in case this optical diffuser is stuck on the glass base material of a liquid 
crystal display etc., it can acquire a smooth adhesion side, for example. 
[0033] (GRIN diffuser) A GRIN diffuser has the film which consists of composite material of 
transparent and colorless polymer with the property to diffuse the light penetrated by having continuous 
refractive-index distribution inside membranous, glass or an inorganic material, and an organic material. 
There are few portions which touch on the boundary where the portion from which a refractive index 
differs is clear, or it is indispensable as a feature of this material that there is completely nothing. (GRIN 
is the abbreviation for gradient index or graded index.) 

If light passes inclination distribution of a refractive index, light will be bent, but if it produces so that 
the curvature may change with portions, the function which the transmitted light diffuses as a whole will 
be realized. The difference of the refractive index of a portion with a high refractive index and a low 
portion is 0.2 or more preferably 0.1 or more. 1 micrometers or more 50 micrometers or less of distance 
of a portion with a high refractive index and a low portion are 3 micrometers or more 20 micrometers or 
less preferably. 

[0034] It depends for whenever [ optical diffusion angle ] on the value by which the distance broke the 
inclination of refractive-index distribution, i.e., the difference of the adjoining refractive index for two 
points from which a refractive index differs. When this value is small, whenever [ optical diffusion 
angle ] is small, and when large, whenever [ optical diffusion angle ] is large. There is [ whether this 
material has very small deterioration in the quality of polarization, and ] almost nothing. Moreover, 
since the principle which diffuses light differs from the I diffusion seen by the particle which is the 
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particle size of about 0.5 micrometers, this material has a small backscattering, or has no, and since the 
permeability of light is high, it is suitable for the. use of this invention. 
[0035] (GRIN particle DIFUYUZA) GRIN particle DIFUYUZA is a layer which consists of a 
transparent and colorless spherical particle and a transparent and colorless binder. As for the spherical 
particle, the refractive index of the interior has the continuous distribution of a refractive index radially 
(namely, distribution whose fields of a refractive index are abbreviation concentric spheres-like), and the 
refractive index of a binder is the material which is the same as that of the refractive index of the front 
face of a ball. Therefore, the principle of the operation only by the material and raw material of GRIN 
DIFUYUZA only differing from each other and the feature of a physical-properties price increase are 
the same. 
[0036] 

[Effect of the Invention] Since the vision dependency by the angle seen while being able to use the light 
from the light source effectively and being able to obtain the high image of contrast is improvable as 
mentioned above according to this invention, the liquid crystal display of an optical grace display can be 
offered. 



[Translation done.] 
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